Objectives. Adenotonsillar hypertrophy is the most common etiology in pediatric obstructive sleep apnea syndrome (OSAS), and adenotonsillectomy is the mainstay of treatment modalities. This study evaluates the long-term effectiveness of adenotonsillectomy in children with OSAS.
INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is a common disease in childhood, with a prevalence of 1% to 3% [1] [2] [3] [4] . Pediatric OSAS is characterized by repetitive partial or complete collapse and/or prolonged narrowing of the upper airway during sleep [5] . The most common cause of upper airway obstruction in pediatric OSAS is adenotonsillar hypertrophy [6] . Narrowing of the upper airway because the adenoids and tonsils occupy most of the pharyngeal space is common in children aged 3 to 8 years. Therefore pediatric OSAS incidence peaks in preschool children [7] .
Diverse symptoms can be found in children with OSAS, such as snoring, mouth breathing, restless sleep, nasal obstruction, witnessed apnea, and difficulty with morning arousal [6] . If undiagnosed or untreated, OSAS can increase the risk of growth problems (failure to thrive), neurocognitive consequences, and cardiovascular complications [8] [9] [10] . Early diagnosis and adequate treatment are required to treat or prevent these symptoms and morbidities.
Adenotonsillectomy is the primary treatment in the majority of children with OSAS [1] . Numerous studies have evaluated the effectiveness of adenotonsillectomy in pediatric OSAS, and earlier investigations reported that the surgical success rate appears to vary from 52.9% to 90.5% [11, 12] . Although adenotonsillectomy is a highly effective therapeutic method, recent studies suggest that it is not a perfect one [13, 14] . Factors related to incomplete resolution after surgery are thought to include obesity, severe OSAS, and asthma [13] . Therefore, a sufficient observational period to monitor residual or recurrent cases is very important to determine the exact effect of adenotonsillectomy on pediatric OSAS.
Despite the volume of clinical research on the efficacy of adenotonsillectomy in children with OSAS [11] [12] [13] , long-term follow-up studies comparing symptoms and polysomnography before and after adenotonsillectomy are relatively rare. Furthermore, the literature contains little information about the longterm effectiveness of adenotonsillectomy in Asian children with OSAS. Therefore, this study evaluated the long-term subjective and objective outcomes of adenotonsillectomy in Korean children with OSAS.
MATERIALS AND METHODS

Subjects
This study was approved by the Institutional Review Board of Korea University Ansan Hospital (AS11184). The inclusion criteria were as follows: children who (1) complained of diverse symptoms and/or signs associated with OSAS; (2) underwent standard, in-laboratory polysomnography preoperatively; (3) were diagnosed with pediatric OSAS based on the International Classification of Sleep Disorders, 2nd edition [5] ; (4) were treated with adenotonsillectomy between January 2004 and December 2009; and (5) completed a questionnaire and standard polysomnography at least 30 months after surgery. The exclusion criteria were as follows: children (1) with craniofacial abnormality or neuromuscular disease; (2) with developmental delay or psychiatric disorder; or (3) who refused postoperative standard polysomnography or participation in the current study.
Symptoms and signs
The children and their caregivers were asked to describe the children's OSAS symptoms using a questionnaire before and after surgery. The questionnaire asked about common symptoms and signs, including snoring, witnessed apnea, daytime sleepiness, morning headache, mouth breathing, memory reduction, daytime fatigue, gasping during sleep, restless sleep, nasal obstruction, rhinorrhea, sneezing, itching, postnasal drip, and difficulty with morning arousal [6] . These symptoms and signs were evaluated using a 7-point Likert scale ranging from 0 (none of the time) to 6 (all of the time).
Physical findings
Height and weight were measured for each subject. Body mass index (BMI), defined as bodyweight (kg) divided by height squared (m 2 ), was calculated from each subject's weight and height. To evaluate each child's overall physical growth on a chart of the general population, we also calculated the z-score of BMI and height that adjusted the value by age and sex based on the 2007 Korean National Growth Charts [15, 16] .
Tonsil size was determined by visual inspection of the otorhinolaryngologist. Palatine tonsils were graded from 1 to 4 (grade 1, 0% to 24%; grade 2, 25% to 49%; grade 3, 50% to 74%; grade 4, above 75% in relation to the oropharynx), according to the degree of oropharyngeal space occupied [17] .
To assess adenoid size, all patients underwent radiologic evaluation preoperatively [18] . Adenoidal hypertrophy was diagnosed when the adenoid-nasopharynx ratio was higher than 0.67 [19] . In most children, tonsil size exceeded 50% (grade 3) and adenoid size exceeded 75%.
Polysomnographic data
Preoperative and postoperative standard overnight polysomnography were carried out for all subjects using a computerized polysomnographic device (Alice 4, Respironics, Atlanta, GA, USA). The sleep stage and respiratory events before and after surgery were scored according to the manual of the American Academy of Sleep Medicine [20] . The following polysomnographic parameters were checked: total sleep time (TST, minutes), sleep efficiency (%), arousal index (events/hour of TST), sleep stages (N1, N2, N3, and R; % of TST), apnea-hypopnea index (AHI, events/ hour of TST), apnea index (events/hour of TST), minimum SaO2 (arterial oxygen saturation, %), and snoring (% of TST).
Statistical analysis
Statistical analysis was carried out using the IBM SPSS 20.0 (IBM Co., Armonk, NY, USA). The paired t-test was used for parametric comparisons before and after surgery. The Wilcoxon signed-rank test was used for nonparametric comparisons before and after surgery. A P-value <0.05 was considered statistically significant.
RESULTS
Subjects
A total of 17 subjects, thirteen male and four female children (mean age, 6.65±3.02 years; mean BMI, 18.30±2.93 kg/m 2 ) completed this study. The mean follow-up period was 57 months (range, 30 to 98 months). Changes in BMI before and after sur-gery are shown in Table 1 . There were significant changes after adenotonsillectomy in BMI and BMI z-score.
Symptoms and signs
Changes in subjective symptoms before and after surgery are presented in Table 2 . After adenotonsillectomy, most of subjective OSAS symptoms changed significantly, including snoring (from 5.53±1.07 to 2.53±2.00, P =0.001), witnessed apnea (from 2.94±2.11 to 0.82±1.47, P=0.005), morning headache (from 1.82±1.62 to 0.59±1.12, P =0.015), mouth breathing (from 5.41±1.33 to 2.71±1.83, P=0.001), gasping during sleep (from 2.00±2.10 to 0.50±1.03, P=0.042), restless sleep (from 4.38±1.82 to 2.25±1.69, P =0.003), nasal obstruction (from 4.53±1.50 to 2.53±1.97, P=0.004), and difficulty with morning arousal (from 3.56±2.13 to 1.65±2.00, P=0.011). However, no significant changes were found after surgery in other OSAS symptoms (daytime sleepiness, memory reduction, daytime fatigue) or nasal symptoms (rhinorrhea, sneezing, itching, postnasal drip).
Polysomnographic data
Changes in polysomnographic data before and after surgery are summarized in Table 3 
Surgical cure and response rate
When surgical cure was defined as reduction of AHI ≥75% and postoperative AHI <1, the long-term cure rate of adenotonsillectomy was 47.1% (8/17) in the present study. If surgical response rate was defined as reduction of AHI ≥75% and postoperative AHI <5, the long-term response rate was 70.6% (12/17).
DISCUSSION
We conducted this study to assess the long-term effectiveness of adenotonsillectomy on subjective symptoms and objective respiratory disturbances among Korean pediatric patients with OSAS. The key findings of our study are as follows: (1) Most of subjective OSAS symptoms improved significantly with at least five years after adenotonsillectomy; (2) Significant alleviations were found postoperatively in polysomnographic parameters as- [12, 21, 22] . According to the meta-analysis by Brietzke and Gallagher [21] evaluating the effect of adenotonsillectomy on pediatric OSAS, the mean change in AHI was a decrease of 13.92 events per hour (95% confidence interval [CI], 10.05 to 17.79; P<0.001). They also reported that the overall success rate with adenotonsillectomy was 82.9% (95% CI, 76.2 to 89.5; P<0.001) based on a comparison between preoperative and postoperative polysomnographic data from 14 studies [21] . There is a possibility that the high success rate is related to the inclusion of several studies using generous success criteria (e.g., postoperative AHI<5). In our previous study regarding the effect of adenotonsillectomy in Korean children with OSAS, the overall cure rate was 90.9% (20/22) 3 months after surgery [22] .
However, recent clinical research has shown surgical results that were not as good as expected in pediatric OSAS [13, 14] . To determine the efficacy of adenotonsillectomy in treating OSAS in children, Bhattacharjee et al. [13] performed a retrospective multicenter study in which adenotonsillectomy led to significant alleviation of AHI (from 18.2±21.4 to 4.1±6.4, P<0.001) in most children with OSAS, whereas the overall cure (complete resolution) rate was relatively low at 27.2% (157/578). The low cure rate is presumably associated with the high proportion of obese children (50.6%) in the study population. In our study, we also saw that BMI z-score significantly increased after adenotonsillectomy. Significant elevation of BMI z-score might lead to long-term incomplete resolution (residual or recurrent disease) after surgery.
In the current study, significant improvements were postoperatively observed in most of subjective OSAS symptoms, including snoring, witnessed apnea, restless sleep, and difficulty with morning arousal. However, after surgery, there were no significant changes in a few OSAS symptoms, such as daytime sleepiness. These results are thought to be primarily related to well-sustained stage N3 (slow-wave or deep sleep) caused by the increased arousal threshold of childhood [6, 7] . Also, daytime sleepiness is a relatively uncommon complaint in pediatric OSAS [6] . Therefore, the chance for alleviation after surgery may be small because the preoperative symptomatic level of daytime sleepiness is low.
Although the literature contains a great deal of research on the efficacy of pediatric sleep apnea surgery, most studies identified only short-term outcomes. The aforementioned meta-analysis of 14 articles reported that the mean period between preoperative and postoperative polysomnographic evaluations was 98 days [21] . One of the strengths of this study was the relatively long mean follow-up duration of 57 months (range, 30 to 98 months).
Interestingly, we found that stage N3 significantly reduced after surgery in long-term follow-up, despite the improvement of OSAS. These results might be associated with the natural course of sleep stage development in children. Generally, the proportion of stage N2 increased with age in children and adolescents, while the proportion of stage N3 decreased [23] . The present study had several limitations. First, it was not a multi-institutional randomized controlled trial (RCT). In particular, our study had no control group. The multicenter, single-blind RCT by Marcus et al. [24] reported a cure rate (normalization of OSAS) significantly higher in the early adenotonsillectomy group than in the watchful waiting group (79% vs. 46%, P<0.001). Second, our study sample size was relatively small. Third, the subjects of our study were not representative of the general pediatric population with OSAS. After consideration of these limitations, future studies will be needed to confirm the long-term efficacy of adenotonsillectomy in pediatric OSAS.
In conclusion, this study found that most of subjective OSAS symptoms and objective respiratory parameters improved significantly at least 5 years after adenotonsillectomy in Korean children with OSAS. However, close follow-up and a sufficient observation period are important in pediatric OSAS because of the risk for long-term incomplete resolution (residual or recurrent disease).
